Newly synthetized derivative of bile acid, sodium salt of 3α, 7α-dihydroxy-12-oxo 5β cholanic acid (monoketocholanate) expressed a good characteristic as intranasal transport enhancer of xenobiotics.The aim of our sudy was to explore if it has an influence on bile metabolism and to measure its concentration in blood and bile after intravenous and intranasal administration.
INTRODUCTION
Bile acids and their salts have found many applications in medicine, agriculture and pharmacy [1, 2, 3] . They are very attractive for substance transport researches, according to their chemical properties and detergent-like action [4] . Some scientists have reported that bile acids can be used in the monitoring of the phylogenetic origin of vertebrates [5] . As far as chemical structure is concerned, keto (oxo) derivatives of natural bile acids have been detected as metabolites, named "tertiary bile acids". As is it known, the hydroxy derivative of cholanoic acid is found only in human bile and some amounts of cholanoic acid metabolite is found only in human feces [6] . The main intermediates in the process of reduction of cholic to chenodeoxycholic acid are 3,7-dihydroxy-12-keto-5 cholanoic acid and its esters [7] . Monoketocholanate, its sodium salt, has been synthesized from 3,7-trihydroxy-12-keto-5 cholanoic acid [8] . This salt appeared to be an effective promoter of intranasal resorption of insulin [9, 10, 11] , as well as salicylates or morphine transport through the brain endothelial cells [12, 13] .
The aim of this work was to examine the possible influence of MKCh on bile secretion by measuring the amount of excreted bile. Another challenge was to determine, for the first time, the MKCh concentration in blood and bile, after intravenous and intranasal applications of MKCh in experimental rats..
STUDY OBJECTIVE
The aim of this work was to examine the possible influence of MKCh on bile secretion by measuring the amount of excreted bile. Another challenge was to determine, for the first time, the MKCh concentration in blood and bile, after intravenous and intranasal applications of MKCh in experimental rats.
MATHERIAL AND METHODS
Experiments were carried out in vivo on white Wistar male rats (body weight 200-300 g) in three hour time interval. The animals had free access to water and food(with a 12-hour succession of light and dark periods), and then starved for eight hours prior to the experiment. Experiment described in study, complied with ethical principles according to standards of Good Laboratory Practice.
The doses of administered substances were calculated on the basis of animal's body weight.
MKCh was used in the form of its sodium salt (cholanate), which was synthesized in the Department of Chemistry, Faculty of Sciences Novi Sad. Substance was applied intravenously or intranasally to experimental animals, in the dose of 4 mg/kg b.w. Concentrations of MKCh were measured on a Hewlett-Packard 1090, Series II HPLC instrument, using an HP ODS2 (10 cm·2.1 mm) 5 μm column, whith methanol/acetonitrile/buffer (pH 7.4) as mobile phase, and a flow rate of 1.0 mL/min.
Experimental groups
Animals were divided into the following groups: -Control groups -animals received intravenously or intranasally physiological solution and blood was taken after that. MKCh solution was applied to rats through the prepared left jugular vein (2.0 mL/kg) or intranasally (0.2 mL/kg). A blood volume of 0.15 mL, was taken with a micropipette, then centrifuged and prepared for the high-performance liquid chromatography (HPLC) experiment, following the procedure developed in the course of this work. The MKCh kinetics in rat's blood after applying it intranasally through the left nostril, was monitored by collecting blood at the determined time intervals.
Bile concentrations of MKCh in the course of time were measured in bile, also after the intravenous (iv) and intranasal (in) application. Cannula for bile collecting was inserted to the immobilized ductus choledohus. Then, MKCh solution was injected intravenously or intranasally during 10 s. The excreted bile was collected in 30-min intervals for 180 min. After measuring a total amount of collected bile, 20 μL of the liquid were taken and prepared for the further biochemical analysis, with 40 μL of acetonitrile.
MKCh absorbances were measured on HPLC at 210 nm. Separation of MKCh in the animal bile lasted 15 min. Quantification was carried out by a computerized procedure of measuring the area under the peak and their comparison with MKCh standards of different concentrations.
Statistical analysis
The data analysis included mean values with standard deviations, Area under the curve (AUC) of MKCh in blood and bile, percentages (%) of excreted MKCh in biological materials. All data were analyzed by the Student's T-test, Analysis of variance (ANOVA) and the probabilities of less than 5% were considered statistically significant.
RESULTS
The very first chromatographic records of monoketocholanate in blood is presented in figure 1 and its presence in bile is given in figure 2 .
The results obtained by measuring the volumes of secreted bile in control and threated groups in the course of three hours are presented in the Graf 1.
In the case of intravenous application, the bile volume was reduced by 50% already in the 60th minute (p<0.01), and it was significantly lower in all time intervals, according to initial time (p<0.05). Compared to controls volume of excreted bile was also much lower, but significantly only in the last measured period (p<0.05). On the other hand, the intranasal application of MKCh resulted in an increased bile volume, according to controls and iv application. It was statistically significant beginning from the 60th to 120th minute and in the last measured period (p<0.05) compared to i.v. administration, but not compared to controls. Also, the value of AUC bile volume for MKChin was higher than AUC of MKChiv in three hours observing time (p=0.05).
The results of measuring time changes of MKCh concentration in blood samples are presented in Graph 2.
As can be seen, there was a statistically very significant difference in MKCh concentration after its intravenous and intranasal application. In the first 10 min, the MKCh-iv concentration was much higher (p<0.001), whereas in the 120th min the MKCh-in concentration exceeded the MKCh-iv value (p<0.01). The overall amount of excreted MKCh-iv was 248.61 μg and it was significantly higher (p<0.01) compared to the excreted concentration of MKCh-in (70.58 μg). However, by comparing the area under the curve (AUC), it can be seen that the difference was not statistically significant ( Table 1) .
Maximal MKCh concentration in bile was measured in all treated animals in first 30 min, (Graph 3). 
Graph 2. Time changes of MKCh concentration in rats serum after intravenous ((MKChiv)) and intranasal (MKChin) application
Statistical significance of differences: Student T-test (0-30 min): p<0,05 (#) significance (iv:in): p<0,05 (*)
Graph 3. Time changes of MKCh concentration in rat bile after intravenous (MKChiv) and intranasal application
After 60 min, the MKCh-iv value dropped almost quadruple (p<0.05) and continued to fall until the end of the experiment. The presence of MKCh was not registered after 120th min. Compared to the initial period (0-30 min), it was determined a strong decrease of MKCh-iv (p<0.05), which was not in the case of intranasal application of MKCh.The MKCh-in concentration in rats' bile were higher than the MKCh-iv ones, in all measuring intervala and, except in the first and the last half an hour, it was statistically significant (p<0.05). Compared to the first collected period, MKCh-in concentration was, also, significantly higer in all time intervals, (p<0.05). Statistical significance between AUC of MKChiv and MKChin was noted (p<0.05) and presented in table 1.
There was no statistically significant difference between the groups in respect of the overall amount of applied substance (Table 2) ,nor were differences in the animal body weights (not presented). There is an evident difference (p<0.05) in the amount of excreted bile after intravenous compared to collected bileafter intranasal application of MKCh. Thus, the percent of the excreted MKCh after the intranasal application (30.05%) was more than a 3.5 times higher than the percent of the substance excreted after the intravenous application (8.3%).
Bile acids may increase the solubility of slightly soluble drugs [13] .It might be of importance in view of the fact that bile acid derivatives have already beenused for the treatment of various diseaseand enhanced transport through biological barrieres [12, 13, 14, 15, 16, 17, 18, 19] .Knowing the kinetics of these synthetic derivatives can help in finding simple methods in the application of drugs. This could provide an efficient mode for future bile acid research and, at the same time, the medical praxis in prevention and therapy.
DISCUSSION
Nasal epithelium acts as a barrier for high molecular compounds such as desmopressin, insulin, human growth hormone, etc [14, 15] . On the other way, the intranasal route has been already known as noninvasive way of drug administration for systemic therapy [16] . Earlier studies confirmed the benefits associated with bile salts caracteristics to promote drug transport through intranasal routes [17, 18] . Monoketocholanate (MKCh) was synthetized by selective oxydation of cholic acid in several steps, in aim to obtain the sodium salt of 3α, 7α -dihydroxy-12 -oxo-5β cholanic acid [8] . MKCh, investigated towards its pharmacokinetic and pharmacodynamic properties, was applied through the intravenous and intranasal route to experimental rats. The bile volume, expressed as area under the curve of total amount of excreted bile in observed period of three hours, had no statistical difference compared to controls for both ways of application (p>0.05). According to that result, we assumed that MKCh bioavailability is good for the intranasal administration.
However, it is not clear yet what is the reason of enchansing in bile secretion caused by intranasal application of MKCh. Compared to the first collected period, it was significantly higer in all time intervals. It also remains unclear what could be the possible pathways of distribution and metabolism of MKCh after its intranasal application, which yielded so high MKCh's concentration in the bile. We did not measure the concentration of MKCh in other biological material (feces for example), that could be eventually explaned the route of MKCh kinetics. One of the possible answers could be the interactions of the MKCh with the physiological environment based on its chemical properties (MKCh is the hydrophyllic bile salt). Obviously, the organism reacted to additional amount of bile acid and MkCh distribution took place via penetration to other compartments.
Bile acid derivatives have already been used for the treatment of various disease and enhanced transport through biological barrieres due to their physicochemical properties. They can influence on membrane fluidity, mucus viscosity or on enzyme limitation. They can inhibit the enzymatic activity in the membrane and thus improve the bioavailability of drugs. One of the important mechanism for improving nasal bioavailability lies in their ability to open the thight junction of nasal epithelium [24, 25, 26, 27] .
There is an evidence that MKCh can promote the absorbtion of many substances [9-12, 28, 29, 30] . MKCh can affects membrane fluidity and improve passive difusion. Also, MKCh is less toxic than other bile salts [31] . Critical micelle concentrations (CMC) is one of the factors responsible for cytotoxic effects. Essentially, more hydrophobic bile salts cause hemolysis below their CMC [32, 33, 34] . Hydrophilic ones can cause hemolysis above their CMC. MKCh is supposed to induce hemolysis at a concentration higher than its CMC, due to position of keto group [30, 31] . So, it can be another benefit of using this bile acid derivative in promoting drug penetration through the nasal route.
Chemical transformations of bile acids and determination in biological materials have challenged researchers to pay attention on their biosynthesis or develop various analytical methods [19, 20, 21, 22, 23] . The HPLC method is quite simple and punctilious. It does not require too much time for sample preparation. HPLC is a very convenient for qualitative identification and precise quantitative determination of this originally synthesized bile acid in biological materials. As relatively inexpensive method, it might be commonly used for the determination of other novel synthetic bile acids and contribute to future research of bile acids.
CONCLUSION
Summary, knowledge of the kinetics of this and other synthetic derivatives can help in finding simpler methods in the application of physiologically active de- rivatives, which may have a medical application. This could provide an effective way of investigating bile acids as well as their medical use in prevention and therapy. In addition, since intranasally given monoketocholate has greatly influenced the volume of the bile, it could be the basis for exploring potentially new cholagogues.
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